The expression pattern of K 1 currents is the principal regulator of electrical activity during development of the nervous and muscular system. We report here a study showing the expression pattern of HERG K 1 currents-encoding (erg) genes in various nervous and muscular tissues at different stages of quail embryo development. q
Results and discussion
Electrical activity contributes to the development of the nervous and muscular system (Moody, 1998) , and it is regulated by the expression pattern of voltage-and ligand-gated currents, in particular of K 1 currents (Greaves et al., 1996) . We showed that in quail embryonic neurones originating from neural crest (NC) cells, as well as in various ganglionic NC derivatives, only the immature stages of development are marked by the presence of a peculiar type of K 1 current, the so-called HERG current (I HERG ) (Arcangeli et al., 1997) . HERG channels belong to the eag family of outward recti®er K 1 channels (Warmke and Ganetzky, 1994) , and their physiopathological role is being established in the heart (Sanguinetti et al., 1995) and in several types of tumour cell lines (Arcangeli et al., 1995; Bianchi et al., 1998) . However, a temporal study of the expression of HERGencoding (erg) genes during development and its relationships to either the expression of HERG K 1 currents and the establishment of neuromuscular excitability is currently lacking.
We therefore studied the expression pattern of erg genes during quail embryo development, performing in situ hybridization experiments. For these studies, a near full-length cDNA clone was cloned by screening a phage cDNA library, obtained from stage-13 HH chick embryos. Database search (Altschul et al., 1997) with the chick erg sequence (accession number AJ271210) indicated that the partial chick erg clone showed greater similarity to the rat erg1 and erg2 genes than to erg3 (Shi et al., 1997 ) (85±86% vs. 78% sequence identity at the DNA level) (Fig. 1) . From these results, however, it is not possible to conclude whether the chick erg clone described here represents the homologue of mammalian erg1 or erg2 and whether the chick genome contains more than one erg gene. For these reasons, the chick erg clone was used in this study as a tool to follow the general expression pattern of erg gene(s) during quail embryo development. Whole-mount in situ hybridization showed that erg is expressed in the heart of stage-11 HH embryos ( Fig. 2A) , and also in the central nervous system (CNS) and eye at stage 13 HH (Fig. 2B) . In situ hybridization on sections obtained from older embryos, while con®rming erg expression in the heart of E3 embryos (Fig. 2C) , both in the atrium and ventricle, and in various parts of the CNS, such as the neural tube (Fig. 2D ) and the encephalic vesicles ( Fig. 2E ), indicate the presence of the gene also in the myotome (Fig. 2D ) at the same stage. As shown in Fig. 2F , erg is expressed in the ciliary ganglion at E4, and in the nervous part of the retina; erg expression can be detected also in the dorsal root ganglia, in the sympathetic chain ganglia and in the adrenal gland starting from E5 embryos (Fig. 2H,I ). The expression pattern of erg(s) in these NC derivatives is in keeping with electrophysiological data, demonstrating the presence of I HERG in the same structures (Arcangeli et al., 1997) at corresponding stages of development. Also, the pineal gland (Fig. 2G) expresses the gene at least starting from E5, similarly to various skeletal muscles at E6 and E7 (Fig. 2J) .
While the early expression of erg gene(s) in the heart and brain of developing quail embryos is in keeping with that reported in adults of other species (London et al., 1997; Wymore et al., 1997) , its expression in peripheral ganglia and skeletal muscles was unexpected. However, RNase protection assay (RPA) experiments performed on RNA extracted from embryonic and adult quail tissues showed that erg expression in skeletal muscles and dorsal root ganglia is limited to the embryonic phase of development (Fig. 3) .
Data presented in this paper indicate that the erg gene is expressed during quail embryo development, in early phases of development of the nervous and muscular system, thus making erg a potential candidate for a channel-encoding gene involved in the initial stages of establishment of cellular excitability. Fig. 1 . Alignment of the protein sequences of the chick, quail, human, mouse and rat erg genes. The chick erg partial full-length clone was obtained by screening a l cDNA library, extracted from stage-13 chick embryos (kindly donated by Dr Wilkinson, Division of Developmental Neurobiology, National Institute for Medical Research, London), according to standard procedures (Maniatis et al., 1989) and using the herg1 probe (kindly donated by Dr M. Keating, University of Utah, Salt Lake City, UT, USA). The sequences for alignments are the following: chick-erg (AJ 271210); rat erg1 (Z 96106); rat erg2 (AF 016192); rat erg3 (AF 016191). Multiple sequence alignment of the entire deduced amino acid sequence was performed using the CLUSTAL program (Higgins and Sharp, 1988) . The rat erg1 sequence reported starts from amino acid 302, rat erg2 from amino acid 150 and rat erg3 from amino acid 301. (´) Identical amino acids in the sequence; (2) gap in the amino acid sequence. Fig. 2 . erg expression in various structures during quail embryo development. erg expression was studied by whole-mount in situ hybridization in 11HH (A,a H ) and 13 HH (B,b,b H ) quail embryos (upper panels). The expression pattern of erg on older (E3±7) embryos was studied by in situ hybridization on tissue sections, using a radiolabelled probe. In any case the chick erg clone was used after in vitro transcribing the corresponding RNA with T3 (sense) and T7 (antisense) polymerases in presence of DIG-UTP (for whole-mount experiments) or [ 35 S]UTP (for tissue sections). Embryos from whole-mount experiments were photographed through a stereomicroscope using a Kodak Ektachrome 64T ®lm. Images of tissue sections were acquired from a Leica inverted microscope, using a dark-®eld stop through a Hamamatzu videocamera. (A) 11HH quail embryo labelled with the antisense probe, showing erg presence in the heart (Hr). A roughly similar signal is detectable in the encephalic vesicles (EV) and in the developing eye (Ey) of embryo labelled with the antisense and sense probe attenuating the speci®city of the expression in this structure at this stage (arrows). 
Experimental procedures
Cloning of the chick erg clone was performed by screening a l cDNA library, according to standard procedures (Maniatis et al., 1989) . Whole-mount hybridization was performed essentially according to Thery et al. (1995) , while in situ hybridization on sections was performed essentially according to Wilkinson and Nieto (1993) . RNase protection assay was essentially performed according to Dixon and McKinnon (1994) . Fig. 3 . RNase protection assay on various tissues obtained from embryos and adult quails. RNA, extracted from brain, DRG, muscles and liver from quail embryos and adults, was probed with the quail erg clone. Chick cytoskeletal actin was used as an internal control, while yeast tRNA was used as a negative control for probe self protection bands. Note that the two upper bands correspond to the tRNA, while the erg-protected band is represented by the third, lower band, easily detectable in the brain and, although at lower intensity, in the DRG (from E7) and in the muscle (from E12 embryos). The liver was used as a negative control for erg expression. Note that the sample`skeletal muscle (adult)' also did not give any protected band after 5 days of exposure. The quail erg clone used in this experiment was obtained by reverse transcriptase±polymerase chain reaction from mesencephalic neural crest cell culture. Neural crest explants were taken from 10±13HH quail embryos and cultured in vitro as described by Arcangeli et al. (1997) . The RNA was extracted, checked and retrotranscribed by MuLV (murine leukemia virus) reverse transcriptase. The PCR was done using a Taq polymerase and two primers that comprise the nucleotide sequence region 2171±2746 of the herg1 gene (accession number 000229.1 PKCNH2).
